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There has been much attention for solid oxide fuel cells (SOFCs) composed of ceramic materials in the main 
part which are efficient power generation devices with low pollutant emissions. A recent trend in development of 
the SOFCs is to low the operating temperature below about 600oC with the objective of using metallic materials 
as interconnects. Low-temperature operating SOFCs (LT-SOFCs) have, however, required film body for the 
electrolyte and controlled microstructure for the electrodes, especially cathode, because the reduced-
temperature operation often causes degraded cell performance due to increases in ohmic and polarization 
losses. 
As for the electrolyte, although various film-formation methods have been applied, it is important to develop 
cost-effective processes for broad commercialization of LT-SOFCs. Electrophoretic deposition (EPD) is a 
promising process for LT-SOFCs with various shapes including tubular cell, because EPD enables us to form 
ceramic films even on uneven substrates. Our research group has succeeded in fabricating ca. 5 micrometer 
thick dense ceramic films of yttria-stabilized zirconia (YSZ) on NiO-YSZ porous substrates using EPD based 
upon electrophoretic filtration, obtaining maximum output power densities over 0.35 W/cm2 at 600oC and 2.00 
W/cm2 at 800oC (see in Fig. 1).  Thus, EPD was clearly effective to fabrication of dense thin electrolyte films 
applicable to LT-SOFCs. 
Recently, EPD has been used to fabricate oriented cathode of La2NiO4 with K2NiF4-type layered perovskite 
structure on electrolyte. The orientation was controlled in magnetic field (see in Fig. 2). The La2NiO4 is an 
ion/electron mixed conducting compound and shows much higher conduction property on the a-b plane than 
along the c-axis. The La2NiO4 cathode with the preferential orientation of the a-b plane perpendicular to the 
surface of the electrolyte has been successfully fabricated using EPD in magnetic field, leading to lower 
polarization loss than that with a random orientation. 
Thus, it seems that EPD is an effective process for LT-SOFCs which may be one of next-generation fuel cells. 

















The above successful works were carried out with many kind supports from Emeritus Prof. Dr. M. Miyake and 
Mr. T. Hosomi in Okayama University, Drs. T. Uchikoshi, T. S. Suzuki and Y. Sakka in National Institute for 
Materials Science, Dr. C. Matsunaga and Miss M. Hashimoto in Kumamoto University. I would like to express 
my thanks to them for their kindness. 
Figure 1 Voltages (open symbols) and output power 
densities (solid symbols) in a temperature range of 
500 to 800 oC for a single cell with ca. 5 micrometer 
thick dense YSZ film fabricated by EPD of YSZ 
powders based upon electrophoretic filtration 
followed by co-firing with NiO-YSZ composite 
substrate at 1350 oC. 
Figure 2 Schematic illustrations of crystal structure 
of La2NiO4 oriented cathode deposited by EPD in 
magnetic field (a) perpendicular and (b) parallel to 
the surface of electrolyte. The La2NiO4 is composed 
of layered-structure in which LaNiO3 perovskite 
layers are alternatively stacked with LaO rock-salt 
layer along the c-axis direction. 
